Relieving the Tension between Dark Matter Production of High-energy Cosmic Antiparticles and FERMI/LAT Constraint on Isotropic Diffuse Gamma-ray Background  by Alekseev, V.V. et al.
  Physics Procedia  74 ( 2015 )  48 – 50 
Available online at www.sciencedirect.com
1875-3892 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)
doi: 10.1016/j.phpro.2015.09.197 
ScienceDirect
&RQIHUHQFHRI)XQGDPHQWDO5HVHDUFKDQG3DUWLFOH3K\VLFV)HEUXDU\0RVFRZ
5XVVLDQ)HGHUDWLRQ
5HOLHYLQJWKHWHQVLRQEHWZHHQGDUNPDWWHUSURGXFWLRQRIKLJK
HQHUJ\FRVPLFDQWLSDUWLFOHVDQG)(50,/$7FRQVWUDLQWRQLVRWURSLF
GLIIXVHJDPPDUD\EDFNJURXQG
99$OHNVHHYD.0%HORWVN\E<X9%RJRPRORYD5,%XGDHYE2$'XQDHYDD
$$.LULOORYDE$9.X]QHWVRYD01/DOHWLQE$'/XN\DQRYD
990DODNKRYE$*0D\RURYDE0$0D\RURYDE$)0RVLFKNLQD$$2NUXJLQD
6$5RGHQNRE$06KLWRYDD
aYaroslavl State P.G. Demidov University, Sovietskaya st. 14, Yaroslavl, 150000, Russia
bNational Research Nuclear University MEPhI (Moscow Engineering Physics Institute), Kashirskoe shosse 31, Moscow, 115409, Russia
$EVWUDFW
7KHGDUNPDWWHUH[SODQDWLRQRIERWKFRVPLFUD\SRVLWURQDQGDQWLSURWRQH[FHVVHVVHHQE\3$0(/$DQGUHFHQWO\FRQILUPHGE\
$06LQHYLWDEO\IDFHVWKHFRQWUDGLFWLRQZLWKWKHODWHVW)(50,/$7GDWDRQLVRWURSLFGLIIXVHJDPPDUD\EDFNJURXQG,*5%
+HUHZHGLVFXVVDSRVVLEOHVROXWLRQWRWKLVSUREOHPEDVHGRQWKHDFFXPXODWLRQRIVHOILQWHUDFWLQJGDUNPDWWHUFRPSRQHQWLQWKH
*DODFWLF GLVN )RU WKH VDPH SXUSRVH WKH PHFKDQLVP RI KLJKHQHUJ\ DQWLSDUWLFOH SURGXFWLRQ LQ WKH FROOLVLRQV RI KLJKHQHUJ\
SDUWLFOHVZLWKPDWWHUFDQDOVREHVXJJHVWHG
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH1DWLRQDO5HVHDUFK1XFOHDU8QLYHUVLW\0(3K,0RVFRZ(QJLQHHULQJ3K\VLFV,QVWLWXWH
Keywords:GDUNPDWWHU3$0(/$FRVPLFUD\V




&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:PD[LPODOHWLQ#PHSKLVWUX
© 2015 The Authors. Published by lsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)
 V.V. Alekseev et al. /  Physics Procedia  74 ( 2015 )  48 – 50 49
,QWURGXFWLRQ
5HFHQWH[SHULPHQWDOUHVXOWVRQFRVPLFUD\V&5KDYHGUDZQDVSHFLDODWWHQWLRQDQGWKHLUSX]]OLQJQDWXUHVHHPV
WREHDFKDOOHQJHIRUDVWURSDUWLFOHSK\VLFV7KHH[FHVVRIKLJKHQHUJ\SRVLWURQVLQFRVPLFUD\VDFFXUDWHO\REVHUYHG
E\3$0(/$>@DQGODWHUFRQILUPHGE\$06>@DVZHOODVWKHXQH[SHFWHGLQFUHDVHRIKLJKHQHUJ\DQWLSURWRQV
IRXQGE\3$0(/$>@DQG$06>@ODWHO\PLJKWERWKLQGLFDWHWKHSUHVHQFHRIXQNQRZQVRXUFHVRIDQWLSDUWLFOHV
LQWKH*DOD[\2QHRIWKHPRVWLQWULJXLQJVFHQDULRLVFRQQHFWHGZLWKWKHH[LVWHQFHRIGDUNPDWWHU±DZHOONQRZQ
WKRXJK\HWXQGLVFRYHUHGIRUPRIPDWWHUZKLFKFRPSRVHDOPRVWRIWKHHQHUJ\GHQVLW\RIRXU8QLYHUVHEXWFDQ
EHRQO\REVHUYHGWKURXJKLWVJUDYLWDWLRQDOHIIHFWV$QXPEHURISDSHUVVHH>@IRULQVWDQFHVWDWHWKDWGHFD\VRU
DQQLKLODWLRQVRIGDUNPDWWHUSDUWLFOHV LQ WKH*DODFWLFKDORPD\ LQGHHGH[SODLQ WKHREVHUYHGVSHFWUXPRISRVLWURQV
DQG DW ILUVW VLJKW WKH VDPHPHFKDQLVP RI SDUWLFOH SURGXFWLRQ FDQ EH DOVR DSSOLHG WR DQWLSURWRQV ZKLOH VWD\LQJ
FRQVLVWHQWZLWKRWKHUREVHUYDWLRQDOGDWD+RZHYHUDVZHGLVFXVVKHUHWKHSUREOHPRIJDPPDUD\VRYHUSURGXFWLRQ
DSSHDUV LQ WKLV FDVH$OWHUQDWLYH H[SODQDWLRQV RI WKH DIRUHPHQWLRQHG HIIHFWV LQFOXGH ROG VXSHUQRYD UHPQDQWV >@
SXOVDUV>@DQGSRVVLEOHYDULDWLRQVRIGLIIXVLRQSDUDPHWHUV>@
,QWKLVSDSHUZHZLOOIRFXVRQWKHIROORZLQJLVVXHVLQVHFWLRQZHVKRUWO\GLVFXVVWKHSUREOHPVZKLFKDULVHLQ
DQDWWHPSWWRH[SODLQERWKSRVLWURQDQGDQWLSURWRQH[FHVVHVLQFRVPLFUD\VZLWKGDUNPDWWHUGHFD\VRUDQQLKLODWLRQV
DQGHODERUDWHWKHSURVSHFWVRIWKHLUVROXWLRQ,QVHFWLRQZHEULHIO\FRQVLGHUWKHPHFKDQLVPRIKLJKHQHUJ\FRVPLF
UD\VSURGXFWLRQZLWKYHU\HQHUJHWLFSDUWLFOHVUHPDLQHGIURPWKHHDUO\8QLYHUVH
'DUNPDWWHUH[SODQDWLRQRIKLJKHQHUJ\FRVPLFSRVLWURQVDQGDQWLSURWRQVDQGLWVLPPLQHQWSUREOHP
$Q\UHDVRQDEOHPRGHORIGDUNPDWWHUGHFD\LQJRUDQQLKLODWLQJWRTXDUNVRUFKDUJHGOHSWRQVQHFHVVDULO\SUHGLFW
JDPPDUD\VHPHUJLQJDVILQDOVWDWHUDGLDWLRQ)65EUHPVVWUDKOXQJLQWKHSURFHVVHVRIKDGURQL]DWLRQRUDVLQYHUVH
&RPSWRQVFDWWHULQJ ,&6 ,WZDVVKRZQ LQ >@ WKDWHYHQD WLQ\ IUDFWLRQRIGDUNPDWWHUGHFD\LQJH[FOXVLYHO\ WR
FKDUJHG OHSWRQV LQ WKH VXIILFLHQW DPRXQW WR UHSURGXFHSRVLWURQH[FHVV LQ FRVPLF UD\VPHHWV WKH GLIILFXOW\ QRW WR
H[FHHGWKHREVHUYHGLVRWURSLFJDPPDUD\EDFNJURXQG,*5%PHDVXUHGE\)(50,/$7>@2SHQLQJDKDGURQLF
FKDQQHO GHILQLWHO\ VSRLOV WKH VLWXDWLRQ 7KH DPRXQW RI JDPPD UD\V SURGXFHG LQ 4&' SURFHVVHV LV VLJQLILFDQWO\
JUHDWHU FRPSDULQJ WR HOHFWURZHDN SURFHVVHV 7KXV DQ\ UDWLRQDO GDUN PDWWHU PRGHO SURYLGLQJ D VDWLVIDFWRU\
H[SODQDWLRQRIERWKSRVLWURQDQGDQWLSURWRQH[FHVVLQFRVPLFUD\VLQHYLWDEO\VXIIHUVIURPJDPPDUD\³SROOXWLRQ´
LQFRQVLVWHQWZLWKH[SHULPHQWDOGDWDRQ,*5%
2QHFDQWU\WRORRVHWKHSUREOHPJHRPHWULFDOO\$QWLSURWRQVDQGSRVLWURQVFRPHWRXVIURPWKHVXUURXQGLQJDUHD
FKDUDFWHUL]HGE\WKHLUWUDYHOOLQJOHQJWK7KHODWWHUDUHGHILQHGE\WKHVL]HRIWKHPDJQHWLFKDORDQGWKHHQHUJ\ORVV
OHQJWKVFDOHIRUDQWLSURWRQVDQGSRVLWURQVUHVSHFWLYHO\$WWKHVDPHWLPHJDPPDUD\VFRPHIURPWKHZKROHYROXPH
ZKHUHGDUNPDWWHULVGLVWULEXWHGZKLFKLVWKHVL]HRIWKHKDOR:KHQQRUPDOL]LQJWRDQWLSURWRQDQGSRVLWURQIOX[HV
RQHFDQUHGXFHWKHUDWLRRIJDPPDWR݌ҧDQG݁ାE\VTXHH]LQJWKH³KDELWDW´RIWKHLUVRXUFHV
)ROORZLQJ WKLV DSSURDFK DSRVVLEOH VROXWLRQ WR WKHJDPPDUD\SUREOHP FDQEH DPXOWLFRPSRQHQWGDUNPDWWHU
PRGHOZKHUHDUDWKHUVPDOOPHWDVWDEOHRUDQQLKLODWLQJFRPSRQHQWUHVSRQVLEOHIRUKLJKHQHUJ\FRVPLFSRVLWURQV
DQGDQWLSURWRQVDEXQGDQFHLVKRPRJHQHRXVO\HPEHGGHGLQWKH*DODFWLFGLVN,QWKLVVFHQDULRJDPPDUD\VPRVWO\
FRPH IURP D QDUURZ EDQG LQ WKH VN\ FRLQFLGLQJ ZLWK WKH *DODFWLF SODLQ DQG WKHLU FRQWULEXWLRQ LQWR ,*5%
VLJQLILFDQWO\GHFUHDVHV0RUHRYHUWKHPDWWHUFRQFHQWUDWHGLQWKH*DODFWLFSODLQFDQQRWLFHDEO\UHGXFHWKHJDPPD
UD\ IOX[ ,Q RUGHU WR LQVHUW WKH GHFD\LQJ IUDFWLRQ RI GDUN PDWWHU LQWR WKH *DODFWLF GLVN ZH DOORZ WKHVH ZHDNO\
LQWHUDFWLQJPDVVLYHSDUWLFOHV:,03VWRSRVVHVVD&RXORPEOLNHVHOILQWHUDFWLRQVHH>@IRUH[DPSOHDQGWKXV
OHWWKHPORRVHWKHLUHQHUJ\DQGEHDFFXPXODWHGLQWKH*DODFWLFGLVNMXVWOLNHRUGLQDU\PDWWHUGRHV$QRWKHUSK\VLFDO
VSHFXODWLRQRQWKHUHDOL]DWLRQRIWKLVLGHDPD\EHDVWURQJO\LQWHUDFWLQJPDVVLYHSDUWLFOH6,03,IWKH\FRPSULVHD
OLWWOHSDUWRIGDUNPDWWHULQWKH*DOD[\WKH\PD\EHIDOOWKHVDPHIDWH
&ROOLVLRQVRIXOWUDKLJKHQHUJ\³PHVVHQJHUV´ZLWKPDWWHULQWKH*DOD[\DQGFRVPLFUD\VSURGXFWLRQ
$QRWKHULQWHUHVWLQJSRVVLELOLW\WRFRQFHQWUDWHWKHVRXUFHVLQWKH*DODFWLFSODQHLVWRDVVXPHWKDWWKHLURULJLQWDNHV
SODFH LQ WKH FROOLVLRQV RI VRPH KLJKHQHUJ\ SDUWLFOHV ³PHVVHQJHUV´ ZLWK RUGLQDU\ PDWWHU LH HOHFWURQV DQG
QXFOHRQV RI LQWHUVWHOODU PHGLXP ZKLFK LV QDWXUDOO\ FRQFHQWUDWHG LQ WKH *DODFWLF GLVN 'DUN PDWWHU SDUWLFOHV RU
50   V.V. Alekseev et al. /  Physics Procedia  74 ( 2015 )  48 – 50 
QHXWULQRVFDQSOD\WKHUROHRIVXFKSDUWLFOHV7KHVHYHU\KLJKHQHUJHWLF³PHVVHQJHUV´FDQEHDUHOLFWGHFD\SURGXFW
RIDK\SRWKHWLFDOPDVVLYHSDUWLFOH LQ WKHHDUO\8QLYHUVH HJ:,03]LOODZKHQ LWZDVRSDTXHIRU UHVLGXDOGHFD\
SURGXFWV7KH VLPLODUPHFKDQLVPZDV VXJJHVWHG VRPH WLPHDJR IRU H[SODQDWLRQRIXOWUDKLJKHQHUJ\ FRVPLF UD\V
>@
&RQFOXVLRQ
:HGHQRWHDSUREOHPRIJDPPDUD\RYHUEXUGHQDFFRPSDQ\LQJDQ\UHDVRQDEOHGDUNPDWWHUPRGHOSUHWHQGLQJ
IRUH[SODQDWLRQRIKLJKHQHUJ\FRVPLFSRVLWURQDQGDQWLSURWRQH[FHVVHVDQGGLVFXVVDSRVVLEOHVROXWLRQEDVHGRQ
WKHLGHDRIGHFD\LQJGDUNPDWWHUFRPSRQHQWJDWKHUHGLQWKH*DODFWLFSODQH:HDOVRVXJJHVWDQDOWHUQDWLYHWRGDUN
PDWWHUH[SODQDWLRQZKLFKFRQVLGHUFROOLVLRQVRIXOWUDKLJKHQHUJ\SDUWLFOHVZLWKPDWWHUDVDVRXUFHRIKLJKHQHUJ\
FKDUJHG DQWLSDUWLFOHV 7KH DIRUHPHQWLRQHG LGHDV DUH LQ WKH FRXUVH RI GHYHORSPHQW² WKH\ VKRXOG EH WKRURXJKO\
VWXGLHGDQGWKHLUFRQVLVWHQF\QHHGVDQDFFXUDWHFKHFN

$FNQRZOHGJHPHQW
7KHUHVHDUFKLVILQDQFHGE\WKHJUDQWRIWKH5XVVLDQ6FLHQFH)RXQGDWLRQ3URMHFW1R

5HIHUHQFHV
>@$GULDQL 2 %DUEDULQR *&%D]LOHYVND\D *$ et al 3$0(/$ &ROODERUDWLRQ 7KH FRVPLFUD\ SRVLWURQ HQHUJ\ VSHFWUXP PHDVXUHG E\
3$0(/$Phys. Rev. Lett
>@$FFDUGR/$JXLODU0$LVD' et al$06&ROODERUDWLRQ+LJK6WDWLVWLFV0HDVXUHPHQWRIWKH3RVLWURQ)UDFWLRQLQ3ULPDU\Phys. Rev. Lett

>@$GULDQL2%D]LOHYVND\D*$%DUEDULQR*&et al3$0(/$&ROODERUDWLRQ0HDVXUHPHQWRIWKHIOX[RISULPDU\FRVPLFUD\DQWLSURWRQV
ZLWKHQHUJLHVRI0H9WR*H9LQWKH3$0(/$H[SHULPHQWJETP Letters±
>@$06'D\VDW&(51DQG/DWHVW5HVXOWVhttp://www.ams02.org/2015/04/ams-days-at-cern-and-latest-results-from-the-ams-experiment-on-the-
international-space-station
>@%HORWVN\ . .KORSRY0.RXYDULV & DQG /DOHWLQ0 'HFD\LQJ 'DUN $WRP FRQVWLWXHQWV DQG FRVPLF SRVLWURQ H[FHVVAdvances in High 
Energy Physics
>@*HQJ&4+XDQJ'DQG/DL&5HYLVLWLQJ0XOWL&RPSRQHQW'DUN0DWWHUZLWK1HZ$06'DWDPhys. Rev. D
>@%DVDN70RKDQW\6 DQG7RPDU*([SODLQLQJ$06SRVLWURQ H[FHVV DQGPXRQ DQRPDORXVPDJQHWLFPRPHQW LQ GDUN OHIWULJKW JDXJH
PRGHOarXiv
>@.RKUL..XQLKLWR,RND.)XMLWD<DQG<DPD]DNL5&DQZHH[SODLQ$06DQWLSURWRQDQGSRVLWURQH[FHVVHVVLPXOWDQHRXVO\E\QHDUE\
VXSHUQRYDHZLWKRXWSXOVDUVQRUGDUNPDWWHU"arXiv
>@)HQJ-DQG=KDQJ++3XOVDULQWHUSUHWDWLRQRIWKHOHSWRQVSHFWUXPVPHDVXUHGE\$06arXiv
>@*LHVHQ*%RXGDXGE0*HQROLQL< et al$06DQWLSURWRQVDWODVW6HFRQGDU\DVWURSK\VLFDOFRPSRQHQWDQGLPPHGLDWHLPSOLFDWLRQV
IRU'DUN0DWWHUarXiv
>@%HORWVN\..KORSRY0.RXYDULV&DQG/DOHWLQ0+LJK(QHUJ\3RVLWURQVDQG*DPPD5DGLDWLRQIURP'HFD\LQJ&RQVWLWXHQWVRIDWZR
FRPSRQHQW'DUN$WRP0RGHO7REHSXEOLVKHGLQInt. J. Mod. Phys. D
>@$FNHUPDQQ0$MHOOR0$OEHUW$ et al)HUPL/$7&ROODERUDWLRQ7KHVSHFWUXPRILVRWURSLFGLIIXVHJDPPDUD\HPLVVLRQEHWZHHQ
0H9DQG*H9Astrophys. J
>@%HORWVN\.0.KORSRY0<X DQG6KLEDHY., 6DNKDURY
V HQKDQFHPHQW LQ WKH HIIHFWRIWKJHQHUDWLRQQHXWULQRGrav. Cosmol. Suppl
±
>@.DKOKRHIHU ) 6FKPLGW+REHUJ ..XPPHU - DQG6DUNDU 6 2Q WKH LQWHUSUHWDWLRQ RI GDUN PDWWHU VHOILQWHUDFWLRQV LQ $EHOO 
arXiv
>@)DUJLRQ'0HOH%DQG6DOLV$8OWUDKLJKHQHUJ\QHXWULQRVFDWWHULQJRQWRUHOLFOLJKWQHXWULQRVLQJDODFWLFKDORDVDSRVVLEOHVRXUFHRIKLJKHVW
HQHUJ\H[WUDJDODFWLFFRVPLFUD\VAstrophys. J

